Abstract. The effects of dust polarization force and charge gradient have been investigated on low frequency strongly coupled dust acoustic modes. We have taken the massive dust particulates as polarized and degenerate electrons and distribution of ions are assumed as Maxwellian. The general dispersion relation has been obtained by employing the normal mode method and generalized hydrodynamic model. The obtained general dispersion relation is further studied for a characteristic timescale which gives two different frequency regimes hydrodynamic and kinetic regimes. The numerical results have been presented by plotting the graphs between frequency and wave number which show the effect of different parameters on dust acoustic modes.
INTRODUCTION
Now-a-days, the dusty plasma (DP) has attained a great interest due to its vital role in describing the space and astrophysical regions as well as in the laboratory devices. The first theoretical model of DP has been predicted by Rao et al. [1] . Since the dust particulates are highly positive or negative charged therefore due to the mutual Coulomb interaction they are strongly attached with each other and form a strongly coupled state. In recent years, a great deal of attention has been given in the study of different types of wave modes and instabilities in strongly coupleddusty plasmas using the generalized hydrodynamic (GH) model [2, 3] .The dust acoustic waves have been studied by Shukla and Mamun [4] using GH model and KdV equations. Mamun et al. [5] have discussed the lowfrequency dust waves with dust charge variation in strongly coupled dusty plasma.
In a strongly coupled dusty plasma model, the charged species are affected by the several forces such as pressure, gravitational, neutral, electron and ion drag forces, polarization, charge gradient forces etc. In case of constant charge and non-uniform plasma, the polarization force acted upon the plasma particles. The dust polarization force has been studied by Hamaguchi and Farouki [6, 7 ] . But when the dust grain charge is inconstant the charge gradient force comes into existence. This force drives the negatively (positively) charged plasma species in the region of lower (higher) charge. In this regard, the influence of charge gradient force and dust polarization force on the low frequency dust modes have been described by Khrapak et al. [8, 9] . The effect of dust charge gradient along with the dust charge electric field has been discussed by Shukla [10] to study the novel instabilities of dusty plasma.Therefore, looking to the importance of charge gradient and polarization force dusty modes, we have studied the effect of polarization force, charge gradient and strong correlation on dust propagation modes in degenerate dusty plasma.
THEORETICAL MODEL
We consider a generalized hydrodynamic (GH) model to describe the degenerate dusty plasma system. In this plasma model, we take the effects of dust polarization and charge gradient forces in the dust momentum equation with strong coupling. In this system, the ions show the Maxwellian behavior whereas electrons are degenerate and give the quantum effect due to the Bohm potential term. We assume that the perturbed quantities in the present strong coupled dusty plasma system vary as 
In above Eqs. (1) and (2) 1  is perturbed electrostatic potential, 0 i n is equilibrium ion number density and 0 e n is equilibrium electron number density, i T is ion temperature, e is the electron charge, e m is electron mass and  is Planck's constant divided by 2 .
The dust charging equation is The full dynamics of strongly coupled dust is given by the momentum transfer and continuity equations as In Eqs. (3) and (4) using the above mentioned perturbation and after some simple algebra, the perturbed dust number density is obtained as
The charge neutrality condition for considered system is
DISPERSION RELATION AND DISCUSSION
The modes of propagation are discussed deriving the dispersion relation for degenerate dusty plasma system using the value 1 
( )
Equation (8) represents the general dispersion relation for viscoelastic degenerate dusty plasma system which shows the influence of charge gradient force, polarization force, dust neutral collision frequency and quantum parameter on dusty modes. Furthermore, to study the properties of dispersion relation we reduces the above dispersion relation in two limits as follows
In the hydrodynamic regime, we have assumed that the relaxation time is much less than the 1  . The obtained dispersion relation is 
Equation (9) represents the effects of charge gradient and polarization force and quantum parameter on the dust acoustic modes in hydrodynamic limit of strongly coupled dusty plasma. In absence of dust neutral collision frequency, quantum effect and strong coupling the above expression gives the * 
where    0 0 0
